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Abstract
Topological data analysis (TDA) provides a mathematical framework for 
extracting multiscale geometric and topological structure from complex 
data. Unlike conventional methods designed for Euclidean data, TDA 
naturally analyzes point clouds, networks, images, and other non-
Euclidean objects through persistent homology, graph filtrations, and 
related topological invariants. This tutorial introduces the statistical 
foundations of TDA, including simplicial complexes, filtrations, persistent 
homology, persistence diagrams, and topological distances, together with 
practical computation using the standalone open-source MATLAB toolbox 
PH-STAT (https://github.com/laplcebeltrami/PH-STAT). Hands-on 
examples will cover structural and functional brain connectomics, 
dynamic brain networks, and other non-Euclidean datasets. 
The tutorial will also introduce recent advances in topological analysis of 
directed interactions and causal modeling, including Hodge-theoretic 
representations of feedback loops and cyclic information flow. 
Participants will gain both the theoretical background and practical tools 
needed to apply topological methods to modern data analysis problems.
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Lecture materials for TDA tutorial

Standalone TDA matlab toolbox (50+ functions)

Tutorial slides are in this site. 
Plan to have 200+ functions

https://github.com/laplcebeltrami/PH-STAT

Detailed software manual with basic theory  
(49 pages). Plan to have 300+ page manual
https://arxiv.org/abs/2304.05912

Lecture slides have unlerlined links for additional 
information and papers.

https://github.com/laplcebeltrami/PH-STAT
https://github.com/laplcebeltrami/PH-STAT
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https://github.com/laplcebeltrami/PH-STAT
https://arxiv.org/abs/2304.05912
https://arxiv.org/abs/2304.05912
https://arxiv.org/abs/2304.05912
https://arxiv.org/abs/2304.05912


Random 
field

Milor 1963 Morse theory 
Adler, 1994 The geometry of random fields
Worsley et al., 1996 Human Brain Mappin

Where topology 
came from? 





Homology studies which objects cannot be continuously 
contracted to a lower-dimensional object (ultimately a point).

Loops that cannot be contracted to a point
                          counts the resulting loops.

Closed surfaces that cannot be 
contracted to a point because they 
enclose a cavity.

Connected components. Every connected component 
contracts to a point.
                                                 counts the resulting points.Betti number



Topological variability is zero.

Can you come up with a method that gives 0 variability?



Chung et al., 2009 
IPMI

http://www.stat.wisc.edu/%7Emchung/papers/IPMI.2009.pdf


Songdechakraiwut and Chung 2023 Annals of Applied 
St t



Methyl Formate



Matlab

Directed interactions



Rips filtration



Deleting edges destroy cycles Deleting edges create components

Graph filtration (edge deletion from smallest to largest)



Deleting edges destroy cycles Deleting edges create components
Persistent diagram (inefficient representation)
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Topological Embedding on MINST

Average  birth values

Average death values



average of birth values

average of 
death 
values

Covariate-free Method

Male and female differences 
are mostly geometric.

Topological
Embedding



Data from

Jeffrey Phillips
James Gee
Univ. of 
Pennsylvania

Average  birth values

Average death values

< 40 years
40-60 years
>60 years

Topological Embedding of Structural Connectivity (dMRI)

Aging is topological.



Chung et al. 2024 PLOS Computational 

Topological distance  Euclidean distance 

Run time                      for q number of edges

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1011869


Chung 2026, arXiv:2608.04770

https://arxiv.org/pdf/2608.04770
https://arxiv.org/pdf/2608.04770


Topological averaging
= minimizer of topological distance

Songdechakraiwut and Chung 2023 Annals of Applied 



Sample variance      0.47+-0.02                0.02+-0.01 

We can average rs-fMRI across time and subjects (n=400,15mn)
Correlation above 0.7



100 million 
transpositions < 2 mins

Topological inference via online permutation test

Songdechakraiwut & Chung 2023 Annals of Applied Stat.

Distance matrix precomputed.
A permutation only rearrange terms



k-means

Topological clustering

Chung at al. 2024 PLOS Computational BIology

Wasserstein

rs-fMRI connectivity
(n=479, UW-
Madison)

https://arxiv.org/pdf/2201.00087.pdf


Existing clustering fails in topological task

K-means clustering 0.98 +- 0.01
Hierarchical clustering 1.00 +- 0.00

Topological clustering 0.63 +- 0.04 



Chung, El-Yaagoubi, Omao, 2026 Vector Space of Cycles, arXiv:2606.08202 
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Anand and Chung,  2022 IEEE 
 

https://par.nsf.gov/servlets/purl/10478233


Anand and Chung,  2023 IEEE 
 

https://par.nsf.gov/servlets/purl/10478233




El-Yaagoubi, Chung, Ombao 

https://arxiv.org/pdf/2407.13514
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Chung et al., 2026 

[Phi, Lambda] = 
eig(full(Hodge1));
lambda = diag(Lambda);
c = Phi' * X0; 
t = 2.0;
Xt = Phi * (exp(-t*lambda) .* 
c); 

https://github.com/laplcebeltrami/hodge/blob/main/chung.ISBI.2026.pdf


Performance in a cycle recovery task

= 0.0801



Any question, suggestion or collaboration
mkchung@wisc.edu

Thank you

mailto:mkchung@wisc.edu
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